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Introduction
Despite the current interest in guidelines, there remains uncertainty about how best to introduce them into practice. A systematic review of rigorous published evaluations of the introduction of clinical guidelines 1 identified 91 studies covering a wide range of clinical areas including patient management, prevention, test ordering and prescribing; 14 of the studies were conducted in the UK. Eighty-one of the 87 studies measuring the process of medical care identified improvements in the process of medical care; 13 of the 17 papers that measured the outcome of care reported improvements. Nevertheless, there were considerable variations in the range of improvement that possibly was associated with differences in any or all of the following: settings, targeted professional groups, targeted clinical activities, and how the guidelines were developed, disseminated and implemented. The review suggested that one promising method to implement guidelines involved utilizing patient-specific prompts at the time of a consultation. One means of achieving this is with computerized decision support (CDS).
CDS is a "system that compares patient characteristics with a knowledge base and then guides a health provider by offering patient-specific and situation-specific advice", 2 it offers more than merely a summary of patient data. There have been two systematic reviews 3, 4 and one meta analysis 5 examining the effectiveness of CDS. Shea's meta analysis 5 focused on randomized controlled trials (RCTs) of computerized reminder systems for preventive care in ambulatory care settings. The 16 trials showed improved preventive practice for vaccination, breast cancer screening, colorectal cancer screening and cardiovascular risk reduction, but not for cervical cancer screening or 'other' preventive activities. The most recent systematic review, 4 which is an update of Johnston's earlier review, 3 identified 68 controlled trials. These showed benefit in: nine of 15 trials evaluating systems to improve drug dosing; one of five trials evaluating diagnostic aids; 14 of 19 trials evaluating systems to improve preventive care; and 19 of 26 trials of CDS in 'other medical care'. Of the 14 studies that measured patient outcomes, there were improvements in six. However, there were few studies that did not have design or analysis flaws that meant that the study had to be interpreted with caution. Therefore, whilst CDS may have considerable potential as a method of implementing guidelines, there are few UK NHS-based studies, and there are almost no studies of CDS in chronic disease management or of CDS integrated into routine computer systems.
If policy makers are to make evidence-based decisions about guideline implementation, they need information on the cost-effectiveness of different interventions (in different settings and for different targeted clinicians and behaviours), the factors likely to modify the effect of the intervention and the resources needed to deliver interventions. To provide such information, researchers need to use rigorous designs and methods to yield reliable and valid estimates of the likely effects of alternative interventions. It is then possible to have confidence that the observed effects are both attributable to the interventions studied and generalizable to other contexts. However, many existing studies use weak designs or are methodologically flawed with potentially major threats to validity, thereby limiting their value to inform decision making. 6 However, well designed, rigorous studies of guideline implementation strategies are both complex and methodologically challenging. This article describes the design and proposed analysis of an RCT evaluating the use of CDS to implement clinical guidelines for the primary care management of asthma in adults and angina (computerized guidelines evaluation in the north of England; COGENT).
Study design
The study design is a before and after cluster RCT utilizing a 2 × 2 incomplete block design. Campbell and colleagues have discussed the issues of study design specific to implementation studies. 7 
Cluster randomization
As with other health care innovations, an RCT is the optimum design when evaluating behaviour change interventions. However, when evaluating changes in clinician behaviour, there is a risk that the treatment offered to control patients will be contaminated by doctors' experiences of applying the intervention to patients receiving the experimental management. The solution to this problem is to randomize groups (or clusters) of professionals while collecting data about the process and outcome of care at the individual patient level. However, as patients within any one cluster are more likely to respond in a similar manner, such a design violates the assumption that the outcome for an individual patient is completely independent of that for any other patient. Therefore, a cluster randomized design is not as statistically efficient as a patient randomized design; it has lower statistical power than a patient randomized trial of equivalent size, 8 and sample sizes need to be inflated to compensate for this. Despite the added complexity, cluster randomized trials provide the optimal design for guideline implementation studies.
Balanced incomplete block designs
In research studying human behaviour, of which implementation research is one example, there are a number of non-specific effects that may influence the estimate of the effect of an intervention. Currently, these are grouped together and termed the 'Hawthorne effect'. If such effects are imbalanced across study groups in guideline implementation trials, the resulting estimates of the effect of the intervention may be biased. Balanced incomplete block designs can be used to equalize such non-specific effects and thereby minimize their impact. 9 In the COGENT trial, study practices are allocated randomly to two groups. One receives computerized guidelines for the management of asthma and provides control data for the management of angina. The other receives computerized guidelines for the management of angina and provides control data for the management of asthma (see Table 1 ). Thus, doctors in both groups are subject to the same level of intervention and the Hawthorne effect is equalized across the two groups.
Before and after design
The patients in the trial have chronic illnesses and these may worsen with time. Therefore, patients may be more ill at the end of the study than they were at the start. To compensate as far as possible for this natural deterioration, the study evaluates change over two periods of 12 months. In addition, the ability to use antecedent data in the overall analysis will provide increased statistical power and also allows the adequacy of randomization to be checked.
Study conditions
The conditions were chosen for both clinical and methodological reasons. The conditions (asthma in adults and angina) were chosen as chronic illnesses, predominantly cared for in primary care and important because of their associated morbidity and mortality. For both conditions, there is evidence of underuse of effective treatments. [10] [11] [12] In addition, within a block design, it is important that the management of patients with the control condition is not influenced by the introduction of the guidelines for the intervention condition. For asthma and angina, the elements of care for the two conditions are quite discrete with no overlap in terms of actions performed. This would not be the case with conditions such as diabetes and ischaemic heart disease.
The clinical guidelines
Guideline development Clinical guidelines are "systematically developed statements to assist practitioner decisions about appropriate health care for specific clinical circumstances". 13 It is important that guidelines are valid in the sense that, when followed, they actually lead to the health gains and costs predicted for them. 13, 14 It is therefore important to ensure that guidelines are rigorously developed, and thus consistent with the available scientific evidence or, in the absence of such evidence, with best clinical judgement. Evidence-based guidelines for the two clinical conditions have been developed [15] [16] [17] using current optimum methods. 14 
Guideline dissemination
The guidelines will be disseminated through educational workshops discussing the content of the guidelines and the use of computer-generated prompts. Every clinician (doctor or practice nurse) in the study will receive a paper copy of the summary version of both guidelines. In addition, each practice will receive a paper copy of the full version of both guidelines.
The computerized guidelines will present contextualized prompts to guide the consultation. These will be generated in the light of what is already known about the patient from within their electronic medical record and will both suggest appropriate actions and request the entry of appropriate data. Information for both clinician and patient may be generated on screen and in a printed form. The computerized guidelines can be used interactively within consultations in two ways. Firstly, the clinician can decide to access one or more task-related module within a routine consultation. As clinicians are often presented with two or more problems by a patient, allowing them to access chosen task-related modules (e.g. for prescribing or referral) may facilitate the support the computer can provide without compromising the conduct of the consultation. Secondly, the clinician can access the guideline within a formalized review process (e.g. a disease management clinic).
Study practices
Practices eligible to participate in the study are those with AAH Meditel or EMIS computing systems, in the Northern and Yorkshire region and with at least 50% of the GPs reporting using their practice computer system to view clinical data and for acute prescribing. In addition, they had not to be in other studies using the clinical guidelines and not using any other sophisticated CDS system. Single-handed practices are excluded from the study as their list sizes would be too small to yield the requisite number of patients. Practices were stratified by computer system and vocational training status (as a proxy for practice development 18 ) prior to randomization.
In order to provide contextual information, practice managers complete a questionnaire that gathers details of the practice computer system and its use, practice characteristics and organization, and investigation and referral arrangements. The GPs and practice nurses complete a composite questionnaire composed of both previously validated instruments and new questions that gather data on: their attitudes to clinical guidelines; 19 their use of and attitudes to computers; aspects of team functioning; 20 and demographic details.
Sample size
There are no published tables for calculating the sample size needed for a 'before-and-after incomplete block'. The simplest approach is to regard the design as two embedded randomized trials (one of guidelines for angina, the other of guidelines for asthma in adults) and determine the sample size for each trial separately.
Changes in process of care
It is felt that for both conditions, doctors in the practices receiving the computerized prompt will adhere more closely to the guidelines than those in practices receiving the paper versions. It is required that each trial should have 80% power to detect a 10% difference in adherence (e.g. between 45 and 55%) using a significance level of 5%. Adherence to the guidelines will be determined by measures of process recorded in the patients' medical records. As the unit of randomization is the practice rather than the patient, it is necessary to take into account the lack of independence between observations on different patients within a single practice. It is estimated that the intraclass correlation coefficients (ICCs) for measures of process will be 0.06. 21 Using methods proposed by Donner, 8 it can be demonstrated that it is necessary to sample records from 57 patients with each condition in each of 60 practices. Different measures of process may have different ICCs. If the average ICC were 0.1, we would need to sample an average of 86 patients with each condition in each of 60 practices to give us 80% power to detect a difference of 12% (44-56%). Were the ICC 0.15, we would need to sample 40 patients in each of 60 practices to give us 80% power to detect a difference of 15% (42.5-57.5%).
Changes in outcome of care
Patient-based outcomes will be assessed using a range of generic and condition-specific measures (see Measurement of patient-based outcomes, below). Typically, these measures take the form of a summated Likert scale and can be considered as continuous variables with a normal distribution. Again it is necessary to take into account the clustering of patients within practices. An intraclass correlation coefficient of 0.06 is assumed. 21 Application of standard methods 8 indicates that if we sample 35 patients from each of 60 practices we would have 90% power to detect an effect size of 0.25 with a significance of 5% (or 80% power to detect an effect size of 0.22); 61 patients from each of 60 practices would give 90% power to detect an effect size of 0.23 with a significance of 5%.
Identification of patients
Patients aged 18 years or over and with angina or asthma are identified using a computerized query which searches for relevant morbidity, management and drug Read Codes, 22 either alone or in combination. For both conditions, the morbidity codes chosen are those that are highly suggestive of the index condition. For patients with angina, these are supplemented with Read Codes for nitrates. Searching on nitrates alone is estimated to identify Ͼ70% of patients with angina. 23 Patients with Read Codes for nitrates alone are excluded if they also have Read Codes indicative of heart failure. These are supplemented with Read Codes for inhaled β-2 agonists, inhaled corticosteroids and asthma prophylaxis. Patients with Read Codes for asthma drugs alone are excluded if they also have morbidity Read Codes suggestive of chronic obstructive airways disease. In an effort to identify patients with current symptoms for both conditions, the drug codes are restricted to entries within the preceding 12 months. In addition, due to its more intermittent and evanescent nature, the asthma morbidity and management codes are also restricted to the preceding 12 months. The study has no upper age limit, but for both conditions any patients with Read Codes suggestive of dementia are excluded on the basis that they will not be able to complete the patient-based outcome questionnaires.
Medical record-based data collection
Data collection from the medical record will be conducted in two ways, electronically and by abstraction of data from notes. Data will be abstracted retrospectively from computerized medical records by a database query 24 for the identified patients. However, computerized records alone cannot be regarded as a complete record of care delivered. Therefore, these data will be validated and augmented by abstracting data from the patients' paper records. The choice of data items will reflect the underlying evidence base and appropriateness of the associated clinical activities. 25 These data will include both data on the process of care and data on intermediate outcomes.
In addition, a guideline usage log will record when the guidelines are used and by whom. These data will be used in two ways: firstly to indicate rates of uptake to inform the choice of interviewees in the case study (see below); and secondly as an explanatory variable in the main analysis.
Measurement of patient-based outcomes
For the measurement of patient-based outcomes, it is generally agreed that a combination of generic and condition-specific measures of outcome are required. 26 Generic measures facilitate comparisons of outcomes across conditions and are important for cost-effectiveness studies, while condition-specific measures are likely to be more responsive to small changes in outcome. The generic measures in the study are the SF36 27, 28 and the EQ-5D, 29 the latter yielding a utility value. The condition-specific measure for angina is the Seattle Angina Questionnaire; 30, 31 for asthma the measures of choice are the Newcastle Asthma Symptoms Questionnaire 32 and the asthma quality of life questionnaire. 33, 34 The patient outcome questionnaires will be administered at three points in time: approximately a year before the intervention; just before the intervention; and approximately a year after the intervention.
Economic evaluation
The economic evaluation takes a health service perspective, but also covers costs to patients and their families. Data for the economic evaluation will be collected using standard techniques for assessing the costs and benefits of technological innovations in health. 35, 36 Three types of cost data will be collected. The costs of development and implementation will be measured by questionnaires to, and interviews with, key participants in collaboration with finance departments of relevant organizations. Changes in the costs of care will be measured by linking process of care data to unit cost data. Changes in costs to patients and their families will be assessed by incorporating appropriate questions in the outcome and process data sets. Because there are both process and outcome data, and the latter include a means of assessing changes in Quality Adjusted Life Years, 29 it will be possible to carry out both costeffectiveness and cost-utility analyses, using modelling techniques, which incorporate sensitivity analyses.
Principles of data analysis
In general, measures of process and outcome of care will be observations on individual patients (e.g. whether a measurement of blood pressure has been recorded in the patient's notes, or a patient's score on a health status measure). The unit of randomization in this study is the general practice. With these types of data, there is a choice of methods of analysis. It is possible to analyse the data using the practice as the unit of analysis or to analyse the data at the patient level allowing for the correlation of responses from patients within each practice. For example, if the variable of interest is whether an item of information is recorded in the medical notes, we could generate a practice statistic, i.e. the proportion of patients in that practice for which the item was present, and analyse this summary statistic. Alternatively, it is possible to use a range of alternative methods that use the patient observation as the unit of analysis but take into account the hierarchical structure of the data. When the design is balanced (i.e. the number of patients in each practice is the same), these two methods are equivalent. When the design is unbalanced, it is possible to make adjustments to an analysis of practice-based summary measures, but often it is more natural to use models that take into account both variation between practices and variation between individuals within practices.
The major advantage of making the patient the unit of analysis is that there are natural methods of analysing repeated measures made at the patient level. The patient outcome questionnaires will be administered at three points in time: approximately a year before the intervention; just before the intervention; and approximately a year after the intervention. The most important of these measurements, for the purpose of the evaluation, is the one made after the intervention. However, a patient with more severe symptoms at one time point is likely to have more severe symptoms at all time points. We can take this into account by including the two initial measurements as covariates in the analysis of final outcome. It is proposed to do this using multilevel modelling. It will be assumed that outcome will vary randomly between patients about some practice mean and that practice means will vary randomly about some overall mean. The two previous measures will be included as fixed effects at the patient level. The intervention effect will be a fixed effect at the practice level.
The embedded case studies
The COGENT trial will produce a precise estimate of the effect of computerized guidelines on process and outcome of care but, beyond the impact of pre-defined explanatory variables, will offer little insight into how or why change was achieved. To gain some understanding of these issues, the study incorporates embedded qualitative case studies. 37 The case studies involve a very detailed study of an individual or organization (the 'case'). Multiple sources of data commonly are used to draw up a comprehensive picture of the case, including various types of qualitative data collection (observational work, interviews), and often also incorporate some quantitative data (though in a qualitative case study, analysis is predominantly qualitative in nature).
Whilst much variation in the use of computerized guidelines appears to be at the level of the individual, the social and organizational setting (the most important aspect of which is the practice) provides important context for the intervention. The use of case studies will allow us to gather information about the context of the evaluation in a way that would not be explicit in a design where the focus was on individual GPs selected from different practices. The practice itself is a case, and the individual health professionals within the practice are also cases (an embedded design 38 ). The case study practices and their members will be followed over the lifetime of the COGENT study.
This longitudinal and embedded design was considered most appropriate for two main reasons. Firstly, Similarity to RCT practices Primary purpose of case study is to illuminate findings of Broadly similar proportions RCT; therefore, it is important that practices are not too to the RCT practices in the dissimilar to RCT practices in the following areas:
areas outlined below.
Computer system
We thought that the implementation of computerized At least two of each guidelines might prove to be technically neater on one or computer system in our other system or that there might be some other effects to do sample of 6. with the computer (training and back up, self-selection effects) which would enhance implementation
Fundholding wave
There is some evidence that fundholding practices might At least one nonbe more responsive to change and positively inclined towards fundholding practice and at innovations than other general practices. There might be least one phase one additional features associated with fundholding that would fundholding practice encourage practices to use the computerized guidelines Training practice As above. Vocational training practices should have a Not more than half of our positive attitude to teaching and research and will have to sample were training meet certain organizational standards.
practices.
Number of partners
We felt that practice organization and communication A mixture of larger and between partners might differ between small and large smaller practices. practices and that this might affect the uptake of the guidelines.
Part-time partners
We felt that part-time partners might find it more difficult to Some practices having partadopt the changes. time partners.
Already have guidelines for These practices might be more positively inclined A mixture of practices asthma and or angina. towards guidelines. Alternatively, differences between having and not having the two guidelines might be a disincentive to use the guidelines computerized guidelines.
Have some partners
We were interested to see the impact of a computerized Some (but not all) practices not using computer guideline system on those partners not currently making as having some partners not interactively much use of computers as their colleagues. making interactive use of the computer.
implementation is not a one-off event but a process, with several stages that take place over time. Unless we investigated the implementation over the whole period, there was a danger we might miss something important. Secondly, health professionals do not act in isolation. While behaviour change ultimately has to take place at the level of the individual, interventions often take place at the practice level; indeed it may be difficult to stop an individual level intervention spreading to the practice. Similarly, social and organization factors beyond the individual will affect the success of an intervention. The individual health professional will be acted on by various forces both within and outside the practice; similarly, they will exert forces on their environment. The five practices in the case study were identified from the main pool of practices both eligible and willing to take part in the RCT. The practices were selected purposively on the criteria in Table 2. At the individual practitioner level, sampling in the case studies is using several approaches (Table 3) .
While patients are clearly an important component in health services research, for the purposes of the COGENT case studies the primary focus was the health professional. We might observe patients in the consultation but we would not interview them directly.
Conclusions
Here we describe the design and analysis issues within a complex cluster RCT. Design issues such as the appropriate unit of analysis and allowance for clustering are essential for the robust evaluation of implementation studies. 21 The combination of the most robust trial design, the rigorous economic analysis and the embedded case study 37 will result in policy-relevant results that will inform the use of CDS within the NHS.
TABLE 3 Sampling strategy for individual clinicians

Pre-intervention
All contact persons (the person the practice identified as 'best to contact about COGENT issues') within practice People identified as useful data sources during a preliminary interview with contact person
Results of an attitudes and experience questionnaire completed by GPs and practice nurses (including both typical and extreme cases)
Other people who become relevant as theories develop (e.g. interviews with health professionals may lead us to hypothesize that practice managers are key and they could then be interviewed).
Post-intervention Follow-up of original cases
People mentioned during interviews
Computer use log files (recording amount and type of interactions with the computerised guidelines) to identify new cases (as well as informing discussion with existing cases being followed).
Post-RCT Individuals from the RCT could be used to explore whether experiences in the case study practices were shared in the RCT sites.
